Until recently, cryoprecipitate has been the treatment of choice in patients with severe von Willebrand disease (vWD) because it can transiently correct low plasma levels of factor Vlll coagulant activity (FV1II:C) and shorten or normalize the prolonged bleeding time (BT), the two laboratory hallmarks of the disease. However, cryoprecipitate may still transmit blood-borne viruses, whereas the development of virucidal methods have rendered plasma concentrates containing FVIII:C and von Willebrand factor (vWF) safer. To establish their potential usefulness in the treatment of vWD, we compared the effect of four virus-inactivated concentrates on FVIII:C and vWF plasma levels and the BT (template method) in 10 patients with severe vWD using a crossover randomized design. The concentrates were an intermediate-purity, pasteurized FVIII-vWF concentrate; an intermediate-purity, dryheated FVIII-vWF concentrate; a solvent/detergent-treated vWF concentrate, containing little FVIII; and a high-purity solvent/detergent-treated FVIII-vWF concentrate. All concentrates were equally effective in attaining normal and sus-N VON WILLEBRAND disease (vWD), the main goals I of treatment are to correct the deficiency of plasma factor VI11 coagulant activity (FVII1:C) and the prolonged bleeding time (BT), reflecting the dual derangement of primary hemostasis and coagulation and the patient's tendency to bleed. In the majority of patients, both goals can be achieved by administering the synthetic drug desmopressin (DDAVP), which is of proven clinical efficacy in preventing or stopping b1eeding.'p2 This drug is inexpensive and safe, with no risk of transmitting blood-borne viruses. However, approximately 10% to 20% of patients with vWD respond poorly to DDAVP, such as those with type I11 (severe), type I ("platelet low" and "platelet discordant"), and some patients with type II.1.2 Furthermore, patients initially responsive to DDAVP may become refractory when repeated infusions are administered to maintain hemostasis over long periods of time (such as, for instance, after surgical procedures).'S2 Therefore, replacement therapy with plasma concentrates still has a role in the treatment of vWD.
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normalize FVIII:C, shorten or normalize the BT, and stop or prevent clinical bleeding in many cases3v4 However, because virucidal methods cannot be currently applied to cryoprecipitate produced by blood banks, this plasma fraction carries a small, but definite risk of transmitting blood-borne viruses, particularly when repeated infusions over time expose the recipients to a large number of different donors. Recently, the development of a variety of virucidal methods have rendered plasma concentrates containing FVII1:C and von Willebrand factor (vWF) safer? This has led several investigators to consider these concentrates as a possible alternative to cryoprecipitate in the treatment of vWD and to assess their ability to correct the FVII1:C and BT defects and clinical efficacy.6-I2 The limits of these anecdoctal studies are that concentrates were administered at different doses and not compared directly with each other; and that heterogenous vWD patients, of different type and severity, were Thus, we chose to compare the effect on FVII1:C and BT of four virusinactivated concentrates in 10 patients with severe vWD in a crossover randomized design. Patients with severe vWD are a homogeneous group of patients in whom DDAVP is not effective and therefore administration of plasma concentrates is needed for treatment.
MATERIALS AND METHODS

Design of the Study
Ten multitransfused patients with severe vWD were included in the study after informed consent was obtained and the experimental nature of the study was explained, including the associated risks. The study was approved by an internal review board. At the time of the study, no patient was bleeding and no replacement therapy had been administered in the last 15 days. Each patient was randomly assigned to a single infusion with one of the four concentrates and then crossed-over to a single infusion with the remaining three after at least 15 days. The time interval between the first and last Concentrate ranged between 8 and 11 months. We elected to base the concentrate dosages on their content of ristocetin cofactor (Ricof) activity, because previous studies have indicated that postinfusion Ricof is the measurement that correlates better with BT shortening in treated vWD patient^'^,'^ (although other studies have found no such correlati~n).'~*'~ After the Ricof was measured in the concentrate batches used in the study (Table l) , the dose administered to each patient was tailored to attain 1-hour postinfusion Ricof levels of more than 100 U/dL. To this purpose, we chose a dose of approximately 60 Ulkg of body weight, based on our previous data indicating that in patients with severe vWD the infusion of 1 U/kg of Ricof raises plasma levels in the recipient plasma approximately 2.0 to 2.5 U/dL." Each concentrate was administered by intravenous infusion over a period of 5 to 10 minutes and blood samples were taken for FVIII/vWF measurements and multimeric analysis 1, 3, 6, and 24 hours postinfusion. The BT was measured only before the infusion and at 1,6, and 24 hours.
Patients
The diagnostic criteria used to diagnose severe (type 111) vWD have been reported.'*J9 All patients had a BT consistently longer than 30 minutes, and no measurable Ricof activity ( < 6 U/dL) and vWF antigen (vWFAg; < 1 U/dL) in plasma and platelets, with FVII1:C levels ranging between 2 U/dL and 24 U/dL (normal values, 52 to 154 U/dL). No vWF multimer could be detected in preinfusion plasma by agarose gel electrophoresis followed by autoradiography (see below). All patients had been transfused on multiple occasions in the past with cryoprecipitate, commercial FVIII-vWF concentrates, and other blood products, were positive for serum antibodies to hepatitis B surface and core antigens and to hepatitis C virus (c100-3 antigen), but none was positive for antibody to the human immunodeficiency virus.
Concentrates
Hemate P (produced by Behringwerke, Marburg, Germany; called Humate P in the United States and distributed by Armour Pharmaceuticals, Collegeville, PA) is an intermediate-purity FVIIIvWF concentrate licensed in Italy for the treatment of hemophilia A and was purchased on the marketplace as a single lot (91243). The virucidal method adopted for this concentrate is pasteurization (heating in the liquid state at 60°C for 10 hours). The remaining three concentrates are not licensed in Italy and were supplied by the manufacturers. 8Y (lot FHCO319) is an intermedi- 
Laboratory Methods
The methods used to assay FVIII:C, vWFAg, and Ricof activity in patient plasma have been published. 18 The only modification adopted subsequently is the replacement of washed platelets with formalin-fixed platelets in the assay of Ricof. Values were expressed in units per deciliter with reference to a pooled normal plasma calibrated against the 2nd International Standard for Factor VI11 Related Activities in Plasma (87/718, National Institute for Biological Standard and Controls, Potters Bar, UK). The same assay methods were modified to assay FVIII:C, vWFAg, and Ricof in the reconstituted concentrates. The main modifications were the use of plasma from untreated patients with severe hemophilia or severe vWD to dilute concentrates to values similar to those contained in normal plasma for the assays of FVII1:C and vWF, respectively; and the use of the 4th International Standard for FVIII:C concentrate (88/804) to measure the FVIII:C content in the concentrates.
The BT was measured by making two vertical incisions on the forearm with a template method (Simplate 11; General Diagnostic, Milan, Italy). When the incisions were still bleeding at 30 minutes, the BT was halted and recorded as longer than 30 minutes. The same lot of Simplate I1 was used and only two experienced technicians, who did not know the concentrate infused, performed the BT in Milano and Vicenza. A postinfusion BT was considered "corrected" when it become shorter than or equal to 7 minutes, the upper laboratory limit of this test in our laboratories; "partially corrected" when it was shortened from baseline values (more than 30 minutes for all patients) by at least 30% (to less than 21 minutes), this figure being the between-assay coefficient of variation of our method; and "not corrected" when it was 21 minutes or longer.
The multimeric structure of vWF in concentrates and postinfusion plasmas was analyzed by sodium dodecyl sulphate agarose gel electrophoresis using a low-resolution system that partially resolves large vWF multimers and allows the detection of defects in this regionz1 Plasma and concentrate samples were run in the same gel and adjusted to the same concentration of vWF:Ag before electrophoresis. The multimeric structure of concentrates was also analyzed using a high-resolution gel system that does not resolves larger multimers in normal human plasma but resolves smaller multimers into five bands, with two subbands above and below a more intense central band." Concentrates were compared with a normal plasma run in the same gel and adjusted to the same concentration of vWFAg before electrophoresis.
For
electrophoresis, some differences in the intensity of the bands were seen. However, it is clear that no concentrate had an intact multimeric structure, and that all lacked multimers of large molecular weight present in normal plasma. Each concentrate was also compared with normal plasma using a high-resolution gel system. Figure 2 shows that in plasma and concentrate the smallest multimers were resolved into five bands. For all concentrates, all the subbands, but particularly the most anodal one, were broader and more intense than the corresponding plasma subbands.
Statistical Analysis
Data were evaluated by analysis of variance for repeated measures (different concentrates) and for one factor (time intervals after concentrates). When statistically significant differences were found, concentrates were compared with the Student's t-test for paired data. Pvalues less than .05 were accepted as statistically significant. Correlations between the bleeding time and Ricof values were evaluated by calculating the Spearman correlation coefficient (p) for nonparametric data. Table 1 shows the content of FVIII:C, vWFAg, and Ricof activity (values of three separate assays) in the concentrates after reconstitution in the amount of fluid recommended by the manufacturers. For all concentrates, the concentrations of FVII1:C were lower than those of vWF:Ag and Ricof, particularly for the vWF concentrate and Alpha VI11 (which contained the largest amount of either moiety). In Hemate P and the vWF concentrate, vWF:Ag and Ricof were similar, whereas for 8Y and Alpha VI11 there was a relative excess of vWF:Ag over Ricof. Table 1 also shows that for each concentrate the doses of Ricof actually administered to patients were slightly different from the scheduled dose of 60 U/Kg, because doses were adjusted for optimum use of the concentrate bottles. The relationship between the dose of Ricof administered and the patient response was similar to that predicted from our previous publicati~n'~: for Hemate P, the mean increase in Ricof at 1 hour was 2.2 k 0.6 U/dL per U/kg infused; for 8Y BLP, 2.1 2 0.8; for vWF concentrate, 2.3 k 0.4; and for Alpha VIII, 2.4 5 0.5. Figure 1 shows the multimeric pattern of vWF in the concentrates, compared with normal plasma run as control, using a low-resolution gel system. Despite the fact that samples were adjusted to the same concentration of vWF:Ag Table 2 shows the mean values of FVII1:C and vWF measurements before and after concentrate infusion.
RESULTS
FMII:C and vWF in Concentrates
Factor MU and vWF in Patients
At 1 hour postinfusion, FVI1I:C increased to a similar degree and achieved normal levels in all patients after Hemate P, 8Y, and Alpha VIII. As expected, after the vWF concentrate it increased less than after the FVIII-vWF concentrates (P < .05). In the subsequent postinfusion time intervals (3, 6 , and 24 hours), FVI1I:C levels were sustained for Hemate P, 8Y, and Alpha VIII. For the vWF concentrate, there was a progressive increase above the levels measured at 1 hour, so that at 24 hours the betweenconcentrate differences in FVIII:C levels were no longer statistically significant (Table 2) .
At 1 hour postinfusion, the average Ricof levels were greater than 100 U/dL after all concentrates, as expected (Table 2) . Even though higher levels were attained after Alpha VI11 than after the remaining concentrates, the difference was not statistically significant. At the subsequent postinfusion times, Ricof levels declined at approximately the same rate for all concentrates (Table 2) .
In agreement with the larger amount measured in vitro, vWFAg increased significantly more than Ricof after Alpha VI11 (P < .05 at 1, 3, and 6 hours), whereas for the remaining concentrates postinfusion values of Ricof and vWFAg were not significantly different ( Table 2) .
The behavior of vWF multimers after concentrate infusion was homogeneous. At 1 hour postinfusion, the plasma 
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multimeric pattern reproduced that seen in the concentrate in vitro, depending on the degree of in vitro defects. In the subsequent postinfusion times, there was some degree of fading of the bands, with no preferential clearance of multimers of particular size (not shown).
Effect on the BT
Hemate P. Figure 3 shows that at 1 hour postinfusion, the BT was corrected in three patients, partially corrected in five, and not corrected in two. At 6 hours, there was a tendency for the BT to lengthen. After 24 hours, the BT was longer than 30 minutes in all of the patients. Figure 3 also shows that in all patients Ricof reached 1-hour postinfusion levels of at least 70 U/dL and that in most patients it reached values of 100 U/dL or higher. Figure 4 shows that at 1 hour postinfusion the BT was corrected in one patient, partially corrected in four, and not corrected in five. It lengthened again in all patients at 6 hours. Ricof increased to 100 U/dL or more in all but two patients (49 and 57 U/dL). Figure 5 shows that, at 1 hour postinfusion, in no patient was the BT even partially corrected according to our criteria, remaining 24 minutes or longer. In three instances, the BT was somewhat shorter at 6 hours than at 1 hour (from longer than 30 minutes to 30 minutes; from 30 to 17 and 24 to 11 minutes). Despite the poor effect of this concentrate on the BT, in all patients Ricof reached levels of 100 U/dL or higher.
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For Alpha WII. Figure 6 shows that at 1 hour postinfusion, two BT were corrected, three partially corrected, and the remaining five not corrected. At 6 hours, there was a tendency for the BT to lengthen. In all patients, Ricof levels were 100 U/dL or higher at 1 hour postinfusion.
Cumulating the data obtained after all concentrates, there was no statistically significant correlation between the BT and Ricof levels at 1 and 6 hours (Spearman's p, -0.15;
P > .3).
DISCUSSION
This is the first randomized study that compares the effect of virus-inactivated concentrates on plasma FVII1:C and vWF and BT using a crossover design. The main findings are that all concentrates were effective in attaining normal levels of FVIII:C postinfusion, but that none normalized the BT consistently and in a sustained fashion.
The effect on FVIII:C of such concentrates as Hemate P, 8Y, and Alpha VI11 was predicted, because they are manufactured for the treatment of hemophilia A and hence contain large amounts of FVIIIC. A sustained increase of FVIII:C was maintained for at least 24 hours, at variance with what happens in treated hemophiliacs in whom FVII1:C declines over the same period of time. This phenomenon, already well established for plasma and ~ryoprecipitate,3.~ is due to the large amounts of vWF contained in concentrates ( Table 1 ). vWF acts as a carrier and stabilizer of FVIII:C, which is synthesized at a normal rate in vWD, but is rendered less stable in plasma and susceptible to proteolysis by the deficiency of vWF.23,24 After the vWF concentrate, FVIII:C behaved differently from the remaining concentrates. FV1II:C levels were lower at the earliest postinfusion times, as expected from the lower amount contained in the concentrate, but increased progressively thereafter due to FVII1:C endogenous synthesis, so that at 24 hours levels were no lower than those for the remaining concentrates.
The effect of concentrates on the BT was less satisfactory. The concentrate that gave the best results was Hemate P, which transiently corrected completely or partially the BT in eight patients. Our findings confirm the results obtained by other investigators using this concentrate in less homogeneous patients with less uniform protocol^.^-^ 8Y and Alpha VI11 gave complete or partial correction in five patients. In a previous study,17 we have shown that cryoprecipitate corrected completely or partially the BT in three of five patients with severe vWD, all enrolled also in the present study and evaluated with similar criteria. Within the limits of any indirect comparison, it would appear that the effect of cryoprecipitate on the BT is not clearly superior to that of virus-inactivated concentrates.
A surprising finding was that the vWF concentrate, manufactured purposely for the treatment of vWD, was the least effective concentrate, because in no patient was the BT partially or fully corrected. These results are in striking contrast with those of a recent preliminary report of Rothschild et aIz indicating that the concentrate (administered at a dose of 60 U/kg of Ricof) completely corrected for up to 4 hours the BT in three patients with severe vWD. Because the same BT method, the same type of vWD patients, and very similar Ricof doses were used, it is difficult to reconcile the contrasting results of the two studies. There may be lot-to-lot variation in the preparation of this concentrate, which is still experimental; in fact, Mazurier et aim and Rothschild et aIz state that large molecular weight multimers were present in their batches, whereas we found them missing in our batch.
In an attempt to find variables that could explain the different effects of these concentrates on the BT, we considered Ricof levels and the multimeric structure of vWF. Our goal of attaining levels of Ricof of more than 100 U/dL was achieved in the majority of cases. Hence, the attainment of normal or even supranormal levels of Ricof 
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